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ABSTRACT 


In this research the characteristics of nitrate and total hardness of contaminated 
water media was monitored in view with degradation and sedimentation due to 
action of the microorganisms present in the bio-reaction, which was subjected 
into stagnant condition. The variation in the concentration of the nitrate and the 
total hardness was monitored with respect to variation in time and depth as the 
dispersion occurs in the bio-reactor. Decrease in nitrate and total hardness 
concentration was observed in view of increase in time and depth of the stagnant 
water media. It is revealed that the variation in salt water medium was more 
significance compared to the variation in fresh water medium for both nitrate and 
total hardness concentration. The concentration of nitrate in salt water medium 
was higher than the concentration of nitrate in fresh water medium as revealed in 
this research and the high concentration of the nitrate favours the microbial 
activity in the bio-reaction, because the organisms uses the nitrate as a source of 
nutrient for cartelizing the degradation process of total petroleum hydrocarbon in 
the stagnant water media. Similarly, the degree of the total hardness 
concentration in the bio-reactor was reduced due to the dispersion, sedimentation 
and biodegradation processes that occurs. However, this investigation has 
predicted the significance of nitrate and total hardness characteristics of crude oil 


degradation in stagnant water media. 
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1. INTRODUCTION 


This research on the nitrate and total hardness characteristics on crude oil 
degradation in stagnant water environment is focus on the contribution in aiding 
the remediation processes. However, research on remediation of contaminants in 
both soil and water environment has been studied extensively, especially on the 
various factors that induces the reaction processes [1-6]. Indeed, it is observed 
that allot of studies has been considered on these factor that influence 
bioremediation programme or processes and the cost implication in term of 


effectiveness in the process with optimum performance [7-9]. 
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Other researchers has look at the constrain factors in crude oil remediation with application of microbes and observed that the 
variation in some of the physicochemical properties of the system induced other parameters simultaneously [10-13]. The variation 
in the dissolved, temperature, organic matter, electrical conductivity, total hardness etc. influence the pH value [14]. This 
physicochemical parameters really induced the microbial growth rate as well as reduces the efficiency of crude oil degradation and 
resulted to waste of materials and increase in capital financial involvement [14-15]. 

Bioremediation is a process that involves the application of microorganisms to enhance restoration on polluted environment 
and the process is classified to be environment friendly due to fact that reaction results to products with no impact on the ecosystem 
[16]. Considering the conditions that favours bioremediation of contaminated environment and the action of the organisms in the 
situation will experience exponential growth and rapid action will occur on contaminants degradation, meaning less cost will be 
incurred as well as the mission well achieve [17-20].This investigation was aim in revealing the contribution of nitrate and total 


hardness in crude oil degradation, dispersion and sedimentation in the stagnant water media. 


2. MATERIALS AND METHODS 

Sampling 

The research samples were obtained from Rivers State of Nigeria and all analysis conducted in Rivers State University Port 
Harcourt of the Department of Chemical/Petrochemical Engineering for the determination of the total hardness and nitrate 
concentration with respect to the effect of dispersion, sedimentation and bio-degradation of water media subjected into a stagnant 
plastic GP tank. 


Determination of Total Hardness 

2.5.0ml of the Sample was diluted to 50ml with distilled water in a 250ml conical flask. 2ml of buffer solution obtained by dissolving 
16.9g NHsCl in 143ml concentrated NH:OH with the addition of 1.25g of Magnesium Salt of EDTA and dilution to 250ml with 
distilled water were added to the diluted sample. 2 drops of indicator solution obtained by dissolving a mixture of 0.5¢ of the dye 
Eriochronic Black T with 4.5g hydroxylamine in 100ml of 95% ethyl or isopropyl alcohol were also added. 0.01M Standard EDTA 
titrant obtained by dissolving 3.723g of dry disodium ethylenediamine tetra-acetate dehydrate in water and diluting to 1000m1 was 
slowly added with continuous stirring until reddish tinge disappeared from the solution and last few drops added at 3-5 seconds 
intervals changed the colour to blue which was the end point. This was calculated as: 


Ax Bx1000 


Hardness (EDTA) as mg/L CaCOs == Sample 


(1) 
Where A= ML Titration Sample 
B = Mg CaCOs equivalent to 1.00MI EDTA Titrant 


Determination of Nitrate 

Nitrate was determined by Ultraviolet Spectrophotometric Screening method. The analysis procedure involved the addition of ImL 
HCI solution to 50ml filtered sample and the preparation of calibration standards in the range of 0 to 7mg NOs N/L by diluting to 
550mL. The following volumes of intermediate nitrate solution 2.00, 4.00, 7.00 — 35ml standards NOs were treated in the same 
manner as the samples. 

Absorbance or transmittance was read against re-distilled water set at zero absorbance or 100% transmittance. A wave-length of 
220mm was used for NOs reading and a wave-length of 275nm was used to determine interference due to dissolved organic matter. 
For samples and standards, twice the absorbance reading at 275nm was subtracted from the reading at 220nm to obtain absorbance 
due to NOs. A Standard curve was constructed by plotting absorbance due to NOs against NO:- concentration of standard using 
corrected sample. Absorbance and sample concentration were obtained directly from standard curve. 


3. RESULTS AND DISCUSSION 


Variation in Nitrate Concentration 
The nitrate in the stagnant fresh and salt water samples determined over the period of the experimental investigation is shown in 
Figures 1 and 2. 
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Figure 1: Variation of Nitrate in the Polluted Stagnant Fresh Water 
Pt 1 (Om), pt 2 (0.25m), pt 3 (0.5m), pt 4 (0.75), pt 5 (Im) and pt 6 (1.25). 
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Figure 2: Variation of Nitrate in the Polluted Stagnant Salt Water 
Pt 1 (Om), pt 2 (0.25m), pt 3 (0.5m), pt 4 (0.75), pt 5 (Im) and pt 6 (1.25). 


Figure 1 shows the profiles of nitrate content with time at various depths for polluted fresh water, while Figure 2 shows the 
profiles of nitrate with time in polluted salt water. Before the crude oil pollution, nitrate content in fresh water was just 1.36mg/1 
and 2.9mg¢/l in salt water, but after pollution, it increased to 5.93mg/l in the fresh water and 3.67mg/I in the salt water. Again, nitrate 
content in fresh and salt water generally decreased with increase in time and randomly varied with increased in depth. 

Nitrate content across the sampling points over the period of the analysis ranged between 4.05mg/l and 5.93mg/l in fresh water 
and 0.65mg/I and 3.67mg/I in salt water. Nitrate level across the sampling points in fresh and salt water is within the permissible 
limit of 50mg/l set by WHO. The results for nitrate content are shown in Tables 1 and 2 of Appendix for fresh and salt water. 
Reduction in nitrate over time may be attributed to interactions between microorganisms in the water system and the nitrates, 
which may act as nutrient for bacteria species in the system [21-23] Again, nitrate content in fresh water was higher than in salt 
water before and after pollution. This also implies the biological characteristics of the fresh water may be easily influenced over 
time, leading to biodegradation of hydrocarbon content if favourable hydrocarbon degrading bacteria are present in the water [24- 
26]. Lower concentration of nitrate (0.03 — 0.38mg/l), as compared to the range of nitrates obtained in the fresh water system, and 
was reported in Orashi River located in Ahoada West, Rivers State [27]. This Rivers was described as fresh water by the authors. 


Variation in Total Hardness 
Hardness in water is another important parameter, especially for drinking purpose. Calcium and magnesium levels, as well as pH 


and alkalinity interactions, can have a significant impact on water hardness levels in different communities. The total hardness of 
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the polluted stagnant fresh and salt water samples that was determined over the period of the experimental investigation is shown 
in Figures 3 and 4. 
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Figure 3: Variation of Total Hardness in the Polluted Stagnant Fresh Water 
Pt 1 (Om), pt 2 (0.25m), pt 3 (0.5m), pt 4 (0.75), pt 5 (Im) and pt 6 (1.25). 
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Figure 4: Variation of Total Hardness in the Polluted Stagnant Salt Water 
Pt 1 (Om), pt 2 (0.25m), pt 3 (0.5m), pt 4 (0.75), pt 5 (Im) and pt 6 (1.25). 


Figures 3 and 4 showed the profiles of total hardness with time at various depths for polluted fresh water and salt water, 
respectively. Again, before oil pollution, total hardness of fresh water was recorded as 53.9mg/l and 159.16mg/I in salt water, but 
after pollution, it increased to 268.4mg/l in the fresh water and 270.14mg/l in the salt water. Total hardness of fresh and salt water 
generally decreased with increase in time and marginally increased with increased in depth, especially in fresh water. Across the 
sampling points over the period of the analysis, the value of total hardness ranged between 180.2mg/l and 268.4mg/l in fresh water 
and 237.11mg/l and 270.14mg/I in salt water. Total hardness results are shown in Tables 3 and 4 of Appendix for fresh and salt 
water. Total hardness across the sampling points in fresh and salt water is within permissible limit of 500mg/1 specified by the 
World Health Organisation for drinking water quality. 

Total hardness of fresh water was higher than in salt water before pollution, but after pollution, there was increased 
concentration in salt water than in fresh water. In addition, total hardness reduction in salt water after pollution was also higher 
compared to the fresh water. Thus, 45.93% total hardness was reduced within 84 days in salt water compared to just 9.85% 
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reduction recorded in fresh water. This may be due to more ionic compounds present in the salt water, and was evident in the high 
amount of conductivity and chloride recorded in the salt water. Hardness in water is caused by dissolved polyvalent metallic ions, 


predominantly calcium and magnesium ions. 


4. CONCLUSION 


This research illustrates the following conclusion: 

i. The concentration of the nitrate decreases with increase in time and dispersion depth 

ii. The concentration of the total hardness also decreases with increase in time and dispersion depth 

iii. The variation in the total hardness induced the concentration of the nitrate concentration in the stagnant water media 

iv. Variation in nitrate and total hardness was high in salt water medium than fresh water medium 

v. This research predicts the significance of nitrate and total hardness in enhance bioremediation of crude oil on the effect of 
sedimentation and dispersion. 

vi. This research has also revealed that nitrate as nutrient can act as an activator or inhibitor in bioremediation process as well as the 


total hardness, especially base on the available concentration of the medium. 


Appendix 


Table 1: Nitrate Measurement in Fresh Water 


Time Nitrate (mg/I) 
(Days) 

Pett Pt2 pt3 Pt4 Pts Pt6 
1 5.93 5.92 5.91 5.9 5.9 5.89 
14 5.83 5.84 5.85 5.86 5.86 5.88 
28 5.63 5.67 5.7 5.72 D379 5.82 
42 4.98 5.5 5.53 5.55 5.57 5.6 
56 4.82 4.86 4.9 4.93 4.96 4.97 
70 4.38 4.55 4.57 4.62 4.9 4.8 
84 4.05 4.1 4.13 4.15 4.17 4.19 


Table 2: Nitrate Measurement in Salt Water 


Time Nitrate (mg/1) 
(Days) 

Pel Pt2 pt3 Pt4 Pt5 Pt6 
1 3.67 3.63 3.52 3.47 3.04 2.71 
14 2.24 2.26 2.28 2.3 2.31 2.39 
28 1.95 1.97 1.99 2.06 2.18 2.2 
42 1.73 1.79 1.8 1.83 1.87 1.88 
56 1.73 1.61 1.64 1.68 17 1.72 
70 1.45 1.49 1.5 1.53 1.55 1.55 
84 0.65 0.88 1.09 1.29 1.38 1.41 


Table 3: Total Hardness Measurement in Fresh Water 
Time Total Hardness (mg/I) 
(Days) 
Pt Pt2 Pt3 Pt4 Pt5 Pt6 
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1 268.4 268.27 268.25 268.24 268.23 268.2 
14 264.19 265.24 266.1 266.38 266.51 268.18 
28 240.7 248.18 251.46 260.12 268.72 263.8 
42 225.77 225.33 229.52 230.51 238.1 238.45 
56 195.6 196 198.55 200.52 210.13 210.19 
70 186.52 188.1 190.4 192.6 193.3 193.57 
84 180.2 182.91 183.24 185.4 186.2 186.41 
Table 4: Total Hardness Measurement in Salt Water 

Time Total Hardness (mg/1) 
(Days) 

Ped Pt2 Pt3 Pt4 Pt5 Pt6 
1 270.14 270.12 270.08 269.84 269.6 269.58 
14 255.8 256.3 256.51 256.55 256.6 257.19 
28 254.2 254.69 254.87 255.02 255.18 255.2 
42 254.18 254.58 293.13 253.4 253.8 254.1 
56 253.1 253.31 253.5 253.74 253.95 254.03 
70 251.61 251.87 252.4 252.53 252.81 252.85 
84 237.11 248.2 248.86 250.52 250.88 250.93 
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